The contemporary neural understanding of motivation is based almost exclusively on the neural mechanisms of incentive motivation. Recognizing this as a limitation, we used event-related functional magnetic resonance imaging (fMRI) to pursue the viability of expanding the neural understanding of motivation by initiating a pioneering study of intrinsic motivation by scanning participants' neural activity when they decided to act for intrinsic reasons versus when they decided to act for extrinsic reasons. As expected, intrinsic reasons for acting more recruited insular cortex activity while extrinsic reasons for acting more recruited posterior cingulate cortex (PCC) activity. The results demonstrate that engagement decisions based on intrinsic motivation are more determined by weighing the presence of spontaneous self-satisfactions such as interest and enjoyment while engagement decisions based on extrinsic motivation are more determined by weighing socially-acquired stored values as to whether the environmental incentive is attractive enough to warrant action.
Motivation Intrinsic motivation Extrinsic motivation Insular cortex Posterior cingulate cortex fMRI a b s t r a c t
The contemporary neural understanding of motivation is based almost exclusively on the neural mechanisms of incentive motivation. Recognizing this as a limitation, we used event-related functional magnetic resonance imaging (fMRI) to pursue the viability of expanding the neural understanding of motivation by initiating a pioneering study of intrinsic motivation by scanning participants' neural activity when they decided to act for intrinsic reasons versus when they decided to act for extrinsic reasons. As expected, intrinsic reasons for acting more recruited insular cortex activity while extrinsic reasons for acting more recruited posterior cingulate cortex (PCC) activity. The results demonstrate that engagement decisions based on intrinsic motivation are more determined by weighing the presence of spontaneous self-satisfactions such as interest and enjoyment while engagement decisions based on extrinsic motivation are more determined by weighing socially-acquired stored values as to whether the environmental incentive is attractive enough to warrant action.
© 2012 Elsevier Ireland Ltd and the Japan Neuroscience Society. All rights reserved.
Introduction
Motivation concerns the reasons why people do what they do. One primary reason people act is because they expect doing so will bring an attractive consequence. For instance, they work on a project because they anticipate receiving money once the project has been completed. Hence, the reason for working on the project is to attain an attractive contingent reward. How extrinsic reasons energize and direct behavior is well understood in neuroscience research under the heading of incentive motivation (Berridge, 2004; Cardinal et al., 2002; Mogenson et al., 1980) . Incentivebased reasons for action are associated with neuronal responses in the (a) amygdala and striatum that process the rewarding properties of directly experienced environmental stimuli and (b) dorsolateral prefrontal cortex, orbitofrontal cortex, and cingulate cortex that process the learned reinforcement value of various environmental stimuli (Hampton and O'Doherty, 2007; Hayden et al., 2008; McClure et al., 2004; O'Doherty, 2004; Schultz, 2000 But there is a second primary reason why people act-namely, because they expect doing so will bring spontaneously satisfying experiences. For instance, they work on a project because that project is able to generate in them feelings of interest and enjoyment. Hence, the reason for working on the project is to feel interest and to enjoy doing the activity for its own sake. How intrinsic reasons for action energize and direct behavior is poorly understood in neuroscience research. 1 The purpose of the present study was to pursue the viability of expanding the contemporary neural understanding of motivation beyond an exclusive focus on incentive motivation by initiating a pioneering study of intrinsic motivation. Intrinsic motivation is the inherent desire to engage one's interests, to explore, and to exercise one's capacities and, in doing so, to seek out and master optimal challenges (Deci and Ryan, 1985; Ryan and Deci, 2000) . When intrinsically motivated, people act out of personal interest and because they find the task at hand to be inherently enjoyable and capable of producing spontaneous self-satisfactions such as "That's interesting" and "I enjoy it". Social and educational psychologists argue that action energized and directed by intrinsic reasons such as intrinsic motivation is qualitatively different from
